Abstract._ In the period following a geomagnetic storm the high-latitude, magnetospheric-driven convection pattern is normally weak. However, the neutral circulation, set up by ion-neutral momentum coupling during the main phase of the storm, may continue for several hours after the storm has ended. This persistent neutral circulation has the potential to drive Hall currents for some hours. In this paper we investigate these "flywheel" currents by simulating a storm which occurred on the 23 rd of November 1982 using the National Center for Atmospheric Research Thermosphere Ionosphere General Circulation Model (NCAR-TIGCM). The resulting high-latitude, height-integrated Hal/currents are dominated by the neutral-wind-driven component for several hours after the end of main phase of the storm. The direction of these currents is reversed from normal. Analysis of the neutral and ion components of this current system indicates that the neutral component may drive as much as 80% of the high-latitude current system immediately after the storm has ended, and may continue to dominate this system for 4 to 5 hours.
Introduction
The electrodynarrdc effects of thermospheric winds have been studied for many years [e.g., Richmond and Robie, !987; Forbes and Garrett, 1979] . These studies show that the thermospheric dynamo plays an important role in determining the ionospheric currents at low and middle latitudes. However, the currents at high latitudes are driven primarily by magnetospheric electric fields, which, through collisional processes, also drive the high-latitude, neutral circulation in the upper thermosphere. The magnetospheric convection electric field maps into the high-latitude ionosphere and causes the ions to drift in an ExB direction at F-region altitudes, typically resulting in a two-cell ionospheric convection pattern for southward interplanetary magnetic field conditions (IMF B z southward). These convecting ions impart momentum to the neutral gas through ion-drag forcing, eausing the neutral winds to adopt a circulation pattern that is similar to the ion convection pattern.
Ki!leen and Robie [1984] have studied the momentum forcing terms for the neutral wind in the lower thermosphere. They found that high-latitude E-region neutral winds follow the ion convection pattern as a result of ion-drag forcing, with the peak speed of the neutrals being roughly one-fourth that of the ions during summer. While this pattern represents the normal stat• of the E-region, high-latitude, neutral circulation, a sudden change in ion convection may result in large transient ion-neutral difference velocities. The relatively long time conCopyright 1991 by the American Geophysical Union.
Paper number 91GL02081 0094-8534/91/91GL-02081 $03.00 stant in the E-region for the transfer of momentum from the plasma to the neutral gas implies that the neutral winds that were forced by the ions during the main phase of the geomagnetic storm can persist for a long time after the cessation of magnetospheric-driven forcing, and may drive significant ionospheric and magnetospheric field-aligned currents over the polar cap in a way that is similar to that of the dynamo in low and middle latitudes. Lyons et al. [1985] studied these winds and they showed that, in practice, the neutral circulation in the high-latitude E region can drive a significant Hall current system for up to six hours after the cessation of strong magnetospheric convection -the so-called neutral "flywheel" effect. Some experimental support for this concept exists in the results published by several authors [e.g. Maezawa, 1976; Zanetti, 1984] , who showed that ionospheric currents can reverse direction when B z is northward. In this paper we extend the Lyons et a1. [1985] study to investigate the link between the neutral circulation and these reversed currents during the period following a geomagnetic storm.
Modelling The Storm
Phenomena involving the interaction of the thermosphere and ionosphere are very complicated, especially when they contain feedback processes such as those associated with ionospheric currents. Therefore, we decided to look for a geomagnetic storm where the processes occurring in the post storm period could be simplified in some way. In particular, the ideal storm was one in which the magnetospheric driven electric field terminated abruptly. Such a storm occurred on 23 November 1982. This storm commenced at about 1500 UT when B z turned southward. High geomagnetic activity continued until 2300 UT when B z turiaed northward, and the various indicators of geomagnetic activity available showed that the magnitude of the magnetospheric forcing decreased sharply. B z then continued to be northward for a long period. The abrupt transition at the end of this storm is ideal for studying the effects of neutral inertia on ionospheric currents. Therefore, we simulated this period by applying magnetospheric inputs specified using algorithms developed by Drs. At present, there is no consensus on the most appropriate ion convection pattern for B z northward. Certainly the convection pattern is more complex for this state than for B z southward, and, thus, there is no suitable parameterization for magnetospheric convection at this time. Therefore, we have modeled the period after the storm by assuming that geomagnetic 1845 activity is very low when Bz is northward (-10 kV). This assumption is more reasonable than it might at first seem as the ion drifts that occur during Bz northward conditions are very weak and little particle precipitation occurs at this time. In general, Burns et al. [ 1990] showed that the NCAR-TIGCM was able to simulate neutral composition during the 5 day period up to and including November 24, 1982, giving us some confidence that our simulation of inertial effects will at least approximate what is happening in the real thermospheee.
Reiff and Emery
Killeen and Roble [1984] developed a diagnostic package for the NCAR-TIGCM which treated the output from the model in much the same way as data is treated. That is, the model output can be analyzed further to understand the physical processes that cause changes in the model. Lyons et al. [ 1985] used this pr6cessor to study ionospheric currents in a qualitative fashion. We have refined this previous work here to include calculations of the height-integrated Hall and Pealersen conductivities and thus more accurate Hall and Pealersen currents. These improvements, and the introduction of an ionosphere that responds to changes in the neutral thermosphere in the NCAR-TIGCM, enable us to investigate ionospheric currents with confidence that these currents represent well those that occur in the thermosphere.
Analysis of the Hall Current System
The relative importance of neutral winds in driving ionospheric currents can be assessed by looking at the neutral and ion contributions to the Hall current system separately. This relatively coarse resolution spreads the field-aligned currents out over a latitude range that is a factor of 2 wider than the observed range, which is about 5 degrees. Also, the magnitude of our calculated currents will be decreased as a result of this smearing.
The structure of these field-aligned currents at 2300 UT, one 2) The morphology of the calculated field-aligned currents during southward B z conditions is in general agreement with observations, but smearing effects occur due to the limited (5øx5 ø) spatial resolution of the model.
3) Magnitudes of these calculated field-aligned currents appear to be too small to explain the observed currents without invoking other mechanisms when B z is northward
